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The 18th century represents a transitional period in evolution of surgery and burn treatment, a time just
before major advances such as asepsis, burn excision and skin grafting, were to revolutionise surgical
practice. The medical minds of this era ﬁrst began to question the centuries of dogma and speculation
that were at the heart of medicine. The evolution of the treatment of burns in this crucial time is
reviewed from the perspective of two of the exceptional medical minds of that era John Hunter and
James Earle. Many of their observations are still valid today and their inﬂuence would prove inspirational
in ushering in modern era of burn management.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.“—as ﬁre cools ﬁre. Within the scorched veins of one new burned”
William Shakespeare (King John, Act 3, Scene 1)1. Introduction
Burns have afﬂicted humanity since antiquity and represent one
of the most devastating forms of injury encountered by a human
being. The wide spectrum of the afﬂiction, ranging from minor
injury causing considerable pain, to major insult resulting in sig-
niﬁcant disability, disﬁgurement and death, has presented a
pervasive treatment challenge through the ages. The 18th century
represents a unique period in history that heralded the dawn of
intellectual empiricism in surgery through the inﬂuence of John
Hunter. His emphasis on meticulous observation and empiric proof
inspired the surgeons and physicians of his time. A review of the
treatment of burn injury in the 18th century provides a unique
insight into the medical minds of that era as they endeavoured to
reconcile intimate observation with the prevailing theories of the
day. The writings of two prominent surgeons of the time, John
Hunter and Sir James Earle not only provide a glimpse into the
evolving views held regarding the treatment of burn injuries but
also how these views were reconciled with observations in the face
of centuries of dogma.ussain).
ciates Ltd. Published by Elsevier Lt2. Burn treatment- from antiquity to the 18th century
First evidence for the treatment of burns comes from the cave
drawings of Neanderthal man dating over 3500 years ago.1 The
discovery of the Edwin Smith papyrus in 1862 revealed that ancient
Egyptians used a salve comprised of honey to treat burns around
1500 BC.2 The Egyptian Ebers Papyrus, also dated around the 15th
century BC, contained descriptions of applications of mud, excre-
ment, oil, plant extract, frogs boiled in oil and fermented goats dung
to the burn after different days.3 Through out antiquity the search
for appropriate applications for reducing the effects of burns has
been pervasive. It was believed that earlier treatments could be
applied the better the consequences in terms of preventing blis-
tering and suppuration associated with burns. These efforts laid the
foundations for ﬁrst aid in burns. Ancient Hellenistic medicine
attempted to treat burns by restoring the “krasis” or temperament
of the patient by restoring the balance of elements, qualities and
humors. Heat was viewed as a quality, which caused excitement,
and a burn and its consequence of inﬂammation, swelling, eschar
and suppuration were perceived as resulting from an accumulation
of this quality in the tissues. The “antiphlogistic” treatments, such
as diuretics, diaphoretics and purgatives, were aimed at drawing
out the heat. Aristotle believed in draining burn blisters to remove
ﬂuid and heat (322 BC).4 The use of vinegar, wine and alcohol as
chemical coolants is mentioned as far back as third to fourth cen-
tury BC.5 Hippocrates used dressings impregnated with rendered
pig fat, resin and bitumen in the 4th century BC.3 Bloodletting hadd. All rights reserved.
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(129e199 AD) in the second century AD.6 Fever and heat that often
accompanied burns were thought to represent “morbid excite-
ment” and bloodletting was advocated to combat these effects.7 His
treatment for most wounds included wine, vinegar and water
compresses.3 The use of lead, because of its perceived “cooling”
properties, in the treatment of burns has been pervasive for cen-
turies ﬁrst being mentioned at the time of Theophrastus (371e
287AD).8 The Arabian physician Rhazes (852e923 AD) advocated
the application of cloths dipped in cold water, or in rose water
cooled with snow to the recent burns.9 The Persian physician Avi-
cenna endorsed this practice as being effective in often preventing
blisters from forming (980e1037 AD).9 The middle ages saw a
drastically different approach to ﬁrst aid in burns. Fabricius Hilda-
nus (1560e1634), Fernelius (16th century) and Ambrose Pare
(1510e1590) believed that ﬁre does not produce all its effects on
immediate contact but rather attaches to the human body,
“continuing to spread its destructive inﬂuence until its fury is spent or
its power counteracted”.10 Hildanus advocated regular change of
plasters, sometimes up to four times every hour, to draw out the
ﬁre. Fernelius asserted that ﬁre was its own antidote and should be
applied to the burned part to drive it out which abates the pain.
Ambrose Pare similarly called for the burned part to be held near a
ﬂame or live coal to draw out the igneous particles in the tissues.
Richard Wiseman (1620e1676) in his extensive surgical treatise
published in 1676 also preferred this treatment “hot medicaments
assuage the heat and pain.holding a burning hot iron of ﬁre to the
part: so whilst the ﬁre calls forth the ﬁre it made it becomes its Alex-
erim (antidote)”11
3. Treatment in the 18th century
3.1. John Hunter (1728e1793)
John Hunter is widely regarded as the most inﬂuential anato-
mist, surgeon and scientist of the 18th century. He was a great
proponent of observation, empiricism and scientiﬁc method in
surgery. Despite a lack of formal education John Hunter went to
London in 1748 to work with his brother William Hunter, a suc-
cessful obstetrician. He entered St George’s hospital in London as
a surgical pupil in 1754. In 1760 he signed up as an Army Surgeon
and gained experience in the management of traumatic injuries
and wounds. He returned to London in 1763 and was admitted to
the Company of Surgeons in 1768. In 1776 he became a surgeon to
King George III. In 1783 he setup his own museum, which housed
thousands of wet preparations, fossils and human specimens. In
1786 he was appointed as the Deputy Surgeon to the army and in
1789 he was made Surgeon General. The published produced by
John Hunter has had a profound and lasting impact on medical
practice. His ﬁrst books “Natural History of Human Teeth” and “A
Practical Treatise on the Diseases of Teeth”, published in 1770s,
described detailed dental anatomy and pathology and introduced
the terms bicuspids, cuspids, incisors and molars. “A Treatise on
Venereal Disease” (1786) described chancre and Lympogranuloma
Venerium. In 1772 he published “Digestion of the Stomach after
Death” in which he described shock and intussusception. In “A
Treatise on Blood, Inﬂammation and Gunshot Wounds” (1794) he
questioned the need to surgically enlarge gunshot wounds
and dispelled the common belief that gunpowder was poisonous.
He also described ligation of the femoral artery in the treatment
of popliteal aneurysms. This treatise included a distillation of
his experiences as a military surgeon on expeditions to Belle-Ile
and Portugal (1760e1763).12 In it he discussed his preferred
treatment for burns in the context of traumatic wounds and
inﬂammation.Hunter believed that wounds such as burns and scalds are best
treated by exposure and dry treatment
“permitting a scab to form.where the cutis is not deprived of life
through its whole substance”
In Hunter’s experience this dry treatment worked best once
inﬂammation and suppuration had been prevented or subsided
with the use of “proper applications” or by time. In his opinion dry
treatment would promote a scab to form allowing tissues under it
to heal
“Whatever will abate an inﬂammation arising from accident will
have the same effect upon a scald or burn; and, from the diversities
of applications, we have opportunities of knowing the best. Oil was
long an application, but which has no virtue: spirits of wine has
also been long applied, and with very good effect. The common
application, which is a soap made with limewater and oil, seemed
to answer better: and now vinegar is strongly recommended, and I
think with justice, as far as I have seen.”
Healing of burns by exposure is still commonly practiced to this
day especially in partial thickness burns in children. This approach
limits infection by creating an unfavourable environment for bac-
terial multiplication and promotes eschar formation that acts as a
biological dressing allowing tissues underneath to heal.13,14
As for the management of blisters associated with burns, Hunter
believed that once formed, they should be drained if they have not
spontaneously burst.
“The blisters commonly break, and so much the better, as the
application can come in contact with the inﬂamed surface; but as
on the hand, foot, ﬁngers and toes, especially in working people and
those whowalk much, the blisters seldom break of themselves, they
should be pricked with a needle to take off the tension.”
Hunter did not advocate derooﬁng of burn blisters, as he
believed that the irritation and pain caused by exposure of the
underlying sensitive skin to the atmosphere outweighed the
advantage of direct contact of the “applications” already suggested
to the skin. Instead he favoured gentle evacuation of bullae by
puncturing them. His approach to treating burn blisters has also
withstood the test of timeas currently available best evidence
suggests that burn blisters, wherever possible should be let intact
to reduce the risk of infection, but if anatomical position necessi-
tates intervention for functional purposes, aspiration results in less
pain than derooﬁng.15
However in keeping with the theories of his predecessors
Ambrose Pare and Wiseman, Hunter preferred the application of
heat to lessen the inﬂammation and pain associated with acute
burns
“when a part is burnt to hold it to the ﬁre as hot and as long as can
be held which undoubtedly lessens the succeeding inﬂammation
and soon gives ease.”
Although Hunter acknowledged cooling to reduce inﬂamma-
tion, he concluded that its use had certain disadvantages
“–however cold has this disadvantage, that the pain, although
removed while under the application, recurs with double force
when removed, much more than from any of the applications;.for
as warmth returns, pain is increased by the warmth even in sound
parts. This I have often seen, and probably it can only be
accounted for on the principle of producing the act of contraction in
the vessels”
This preference of heat over cold was again Hunter reconciling
his keen observation with the theories of his predecessors and
drawing his conclusions based on the relationship between the
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the pain of the sting was only temporarily abated when he dipped
his hand in a bucket of cold water only for the symptoms to become
much worse on removing it from the water.
Hunter believed all inﬂammation, whether the result of a
trauma, a bite or a burn, to be similar thus he concluded that
cooling of a burn would also result in similar worsening of symp-
toms. This rationalising represents an attempt by Hunter to break
away from speculations of his predecessors with, which was to
provide inspiration for his contemporaries and successors.
3.2. James Earle (1755e1817)
Sir James Earle, son-in-law to the illustrious Sir Percivall Pott,
was a celebrated surgeon of his time who was trained and later
elected a surgeon at St. Bartholomew’s Hospital in 1784. He was a
proﬁcient and exceptionally hard working surgeon and between
1776 and 1784 he performed nearly a third of all operations per-
formed at his hospital. He was surgeon extraordinary to King
George III and the royal household and was a Master of the Royal
College of Surgeons of England. While holding this appointment he
was knighted in 1802. He was a writer of extreme professional
distinction and his writings reﬂected his keen observation and vast
experience. He was famous for being a skilled lithotomy surgeon
and wrote extensively on the subject including “The chirurgical
works of Percival Pott, with a life of the author, a method of curing
Hydrocele by injection, and occasional notes” published in 1790, “A
treatise on Hydrocele” published in 1791 and “Practical observations
on operation for the stone” published in 1793. However his surgical
interests extended beyond lithotomy and included treating spinal
deformities (“Observations on the cure of the curved spine” published
1799), cataracts (“Account of a new mode of operation for the cata-
ract” published 1801) and lower limb fractures (“Observations on
fractures of the lower limbs” published 1807).
In 1799 he published his “Essay on lessening the effects of ﬁre on
the human body”.10 In this essay he ﬁrst presented the idea of im-
mediate cooling of burns to reduce their long-term consequences.
In his practice Earle had observed that the treatments for burns that
were in widespread use in his time and had been in practice for
centuries had limited value. These included application of linen
dipped in spirit of wine applied to the burn, bleeding and appli-
cation of ointments composed of lead, extract of lead and tincture
of opium mixed with water applied to the burn immediately fol-
lowed by simple dressings. Personal experience of treating a hot oil
scald to his own leg with these treatments had resulted in him
becoming dissatisﬁed with their ability to either abate the painful
symptoms associated with burns or halt their progression.
“I must confess that I had been long dissatisﬁed with all these
methods of treatment, as they seemed of very little efﬁcacy, for
notwithstanding their application, I had too often witnessed that
the pain was very little abated, that blisters arose, and sloughs took
place in no very inferiour degree to what might have been expected
if no means had been employed”
These observations led Earle to look for a better method of
treating burns until he was consulted to treat the burns sustained
by a medical gentleman to his hands, face and neck from accidental
ignition of a bottle of spirit. After discounting the practices of his
contemporaries he decided to treat the burns by cooling
“it was agreed that after the loss of some blood, cold water alone
should be applied to bathe the parts; and this, being found to give
ease, was continually renewed, and the patient during several days
drank nothing but cold water, and took very little nourishment. By
these means he was kept in a cool and tolerably easy state, thoughthe pain often returned at short intervals; some blisters arose,
which however in little more than a week subsided and no scar was
produced”
The success of this treatment encouraged Earle to contradict
popular medical practices and treat burns by immediate cooling
“I had every reason to be pleased and satisﬁed with the termination
of his case, I frequently afterwards on similar occasions used cold
water, and all applications in as cold a state as possible, notwith-
standing the opinion of many respectable authors and practitioners
in favour of warmth to be applied to the parts”
Like Hildanus, Fernelius and Ambrose Pare before him, Earle
believed that ﬁre imbued itself into the human body on contact and
had to be drawn out to prevent or reduce harm. However unlike his
predecessors he advocated cooling as a means of removing heat
from the burned part to immediately abate pain and opposing the
action of ﬁre as soon as possible
“sooner it is applied after the accident has happened the better, as
the ﬁre will have less time to do mischief”
In his essay Earle proceeds to describe in detail his experience
with the use of immediate application of ice for the treatment of
burns in eight patients, a treatment that was ﬁrst suggested to him
by Sir Walter Farquhar. The ice was applied to completely cover the
burns, or total immersion in cold ﬂuids if no ice was available, and
its use being continued till the warmth and pain had subsided.
This treatment provided good relief of pain and prevented the
progression of inﬂammation to sloughing and ulceration with
earlier application giving the best results
“if the application be deferred till blisters are formed, and sloughs
produced, a great degree of ease may be obtained, but the
destruction of parts which has already taken place, cannot entirely
be prevented from going through its usual course of sloughs and
suppuration.”
The success of this immediate treatment of burns by cooling to
prevent long-term consequences encouraged Earle to promote the
use of this method by the wider medical community of his time
“Ever since I have been convinced of the powerful effect of ice in
these cases, I have endeavoured by practice and conversation to
inculcate the use of it. If by thus making it more publicly known I
shall at all contribute to restrain the ravages caused by ﬁre applied
to the human body, or prevent the deformity which is the usual
consequence of severe burns, my feelings will be abundantly
gratiﬁed”
Following the publication of his essay the cooling of acute burns
gained widespread notoriety. This practice still persists today such
that cooling of burns is now universally acknowledged to be the
best form of ﬁrst aid for all type of burns.9 The current recom-
mendations for ﬁrst aid treatment in burns is for cold tap water
(between 2 and 15 Celsius) to be applied for 20 minutes which has
been demonstrated to reduce pain, inﬂammation, oedema forma-
tion and scarring as well as improved wound healing.16e21
James Earle was the not only one of the ﬁrst to recognise the
importance of ﬁrst aid in preventing deformity and disability
associated with ﬁres but also showed tremendous insight into the
multidisciplinary care of burn patients
“But though the chirurgical art is much restricted in its powers of
remedying these dreadful consequences of ﬁre, it can do a great deal
by way of preventing them from taking place. This however will
depend not only on the skill and management of the surgeon, but
often on the attention of nurses, and in many cases the resolution
and assistance of the patients themselves must be called in aid.”
A. Hussain, F. Choukairi / International Journal of Surgery 11 (2013) 503e506506
REVIEW3.3. Beyond the 18th century
The 18th century has long been regarded as a watershed in the
evolution of medicine in general, and surgery in particular. During
this period, foundations were ﬁrst laid for the practice of medicine
as a science, with a transition frommere observation to observation
and experimentation. This was largely made possible through the
efforts of pioneering medical minds of this century that forged a
path for their contemporaries and successors to follow by encour-
aging the organisation of knowledge gained through observation
and empiric evaluation. John Hunter, widely regarded as the
founder of modern scientiﬁc surgery, was the embodiment of these
qualities and played a pivotal role in this transition. He was a keen
observer, competent surgeon, visionary thinker and inﬂuential
teacher. He was an avid student of comparative anatomy and used
the dissection of simpler life forms to increase his understanding of
the human body. His experimentation guided his surgical practice
and laid the foundation for many of his advances. Among his most
famous experiments was the demonstration of the principle of
collateral circulation. His hypothesis that if a major vessel was
obliterated, a new smaller vessels would form proximally to re-
perfuse the compromised tissues, was conﬁrmed by tying a thread
around the carotid artery of a young stag that he caught in London’s
Richmond Park. Initially, the antler on the side with the tied off
carotid artery became cold and stopped growing, while the other
antler remainedwarm and healthy. However, within a fortnight, the
affected antler had regained its warmth and started growing once
more. Using dye injections, he showed that the circulation to the
antler had been restored through collateral vessels. It was not long
before he applied this lesson. The famous Percival Pott had recom-
mended amputating the limb of a patient with a popliteal aneu-
rysm, however Hunter instead ligated the femoral artery above the
aneurysm, and awaited the growth of collateral vessels. The patient
survived the operation and was able to walk out of the hospital
unaided.22 However Hunter’s achievements extend beyond surgical
practice and have had a pervasive inﬂuence on all aspects medicine.
It was his insistence on scientiﬁc methodology and meticulous
observation that inspired his many students to push the boundaries
of medicine. These included Thomas Chevalier who became Pro-
fessor of Anatomy and Surgery at the Royal College of Surgeons,
William Shippen one of the founders of the University of Pennsyl-
vania, and Philip Syng Physick widely regarded as the father of
American Surgery.22 However Edward Jenner, the manwhose small
pox immunisation eventually led to the eradication of smallpox,was
by far Hunter’s most illustrious student and friend.
Through the centuries a variety of remedies, concoctions and
potions were tried to mitigate the effects of burns and scalds with
limited success. However James Earle ﬁrst formalised the concept of
‘ﬁrst aid’ by advocating the application of a treatment to prevent the
long-termconsequences of burns. The efforts of James Earle together
with advancement on the battleﬁeld during the 19th century have
led to the modern form of ﬁrst aid for burns. The Prussian Surgeon
General Fredrich Von Esmarch played a monumental role in the
development of battleﬁeld ﬁrst aid for wartime injuries and burns
during the late 19th century. But unlike Earle he recommended that
burnt surfaces should be protected from air, and anointed well with
oil (lamp oil, salad oil, castor oil or Carron oil from a chemist) or
painted over with grease or butter, or powderedwith ﬂour, starch or
powdered charcoal to alleviate the pain.3 The lessons learned on the
battleﬁeld regarding the emergency treatment of injuries together
with the observations of James Earle led to the increasing practice of
“ﬁrst aid” for burns and scalds during peacetime. It was in 1965 that
the use of cold-water treatment ﬁrst appeared in the St John
Ambulance ﬁrst aid manuals, also with recommendations to not
apply any lotions to the burn and for the patient to go to hospital.34. Conclusion
The 18th century represents a transitional period in the history
of surgery when burgeoning empiric ideals were challenging cen-
turies of dogma and speculation. John Hunter and James Earle were
prominent medical minds of this century; they used observation
and empiricism to guide them when dogma could no longer pro-
vide rationality for treatments. Many of their observations are still
valid today and it is this spirit of observation and inquiry that would
usher in the modern era of surgical and burn treatment.
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